Thermoadaptation of a mesophilic hygromycin B phosphotransferase by directed evolution in hyperthermophilic Archaea: selection of a stable genetic marker for DNA transfer into Sulfolobus solfataricus.
A mutated version of the hygromycin B phosphotransferase (hph(mut)) gene from Escherichia coli, isolated by directed evolution at 75 degrees C in transformants of a thermophilic strain of Sulfolobus solfataricus, was characterized with respect to its genetic stability in both the original mesophilic and the new thermophilic hosts. This gene was demonstrated to be able to express the hygromycin B resistance phenotype and to be steadily maintained and propagated also in other, more thermophilic strains of S. solfataricus, i.e., up to 82 degrees C. Furthermore, it may be transferred to S. solfataricus cells by cotransformation with pKMSD48, another extrachromosomal element derived from the virus SSV1 of Sulfolobus shibatae, without any loss of stability and without affecting the replication and infectivity of this viral DNA. The hph(mut) and the wild-type gene products were expressed at higher levels in E. coli and purified by specific affinity chromatography on immobilized hygromycin B. Comparative characterization revealed that the mutant enzyme had acquired significant thermoresistance and displayed higher thermal activity with augmented catalytic efficiency.